Abstract The concept of safe water is defined by three principles: the health-related quality must be suitable, the supply/source must be accessible and the water must constantly be available in quantities sufficient for the intended use. If any one (or more) of these three elements is missing from a water services improvement programme, providing safe water is not successfully achieved. A study in a deep rural area in South Africa showed that providing small communities, using untreated river water as their only water source, with good quality water through a piped distribution system and accessible at communal taps did not fall within our parameters of safe water. The parameters for measuring the three principles were: absence of Escherichia coli in drinking water samples; accessibility by improving tap distances to within 200 m from each household; availability by assessing whether households have at least 25 L per person per day. Results show that although E. coli levels were reduced significantly, households were still consuming water with E. coli numbers at non-compliant levels. Access (distance) was improved from an average of 750 m from households to river source to an average of 120 m to new on-tap source points. This did not result in significant increases in household quantities, which on average remained around 18 L per person per day.
Introduction
A major goal of improving a water supply must be to provide safe water. Improving safe water provision undoubtedly plays a major role in improving quality of health and also of life, especially among the rural and the poor (Thomas et al., 1999; Lenton et al., 2005) . The health-related microbiological quality of water is always a cornerstone of a safe water supply in such areas (Fewtrell and Bartram, 2001) . However, it is often reported that more illnesses and deaths result from lack of two other very important factors, i.e. access to and availability of water, than from the actual quality of water (Lenton et al., 2005) .
Access to and availability of water are generally described as an integrated function (United Nations, 2000; World Health Organisation, 2005) , stating that reasonable access means every person should ideally have available 20 L of water per person per day (lwppd) accessible within 1 km of the user's dwelling. The South African government sets more stringent targets of 25 lwppd, 200 m and closer (Republic of South Africa, 1994) .
The concept of safe water in the context of this paper is defined by the following three principles: (1) the health-related microbiological quality must be suitable for the use intended -this paper aims it at domestic use including drinking water; (2) the supply/source must be accessible; and (3) the water must constantly be available in quantities sufficient for domestic use. To provide safe water implies then that all of these three requirements should be met when the service is improved. The aim of this study was to determine whether improving a water supply in a specific area met these requirements.
With this paper we hope to demonstrate that water utilities should continually achieve all three of these principles in areas where water services are being improved. If any one (or more) of these three elements is missing from a water services improvement programme, the goal of providing safe water might not be achieved, which means chances are good that anticipated health improvements will not be realised (Lenton et al., 2005) .
Measuring these three elements against reasonable and generally accepted parameters will therefore indicate whether a water supply improvement programme in any developing area would successfully contribute towards health and quality of life targets. The parameters for measuring the three principles were: (1) zero Escherichia coli indicator bacteria present in water used for drinking (South African Bureau for Standards, 2001; WHO, 2004a) ; compliance levels were set at the 90th percentile; (2) access implying improving distances to taps to 200 m and less from each household according to the South African Water Supply and Sanitation Policy (RSA, 1994); (3) availability by measuring whether water volumes of at least 25 lwppd (RSA, 1994) have been achieved in the collection routines of households.
Methodology Area of study
This study was conducted in a deep rural area in the far north-eastern region of the Limpopo Province, South Africa (Figure 1 ). Most households from the village of Folovhodwe were sourcing and using water for their daily needs directly from the Nwanedi river, mostly without any deliberate form of treatment. Washing of clothes and body mostly took place at the river's edge, while water for other domestic uses, including drinking and for preparation of food, was collected in (mostly) plastic containers, carried to, and stored at, the dwelling. Some inhabited areas of Folovhodwe were further away from the river and have been using water from a reservoirand-pipe distribution system with communal taps supplied with untreated, but groundwater assumed to be of a suitable quality for drinking (SABS, 2001) , for many years before the service was extended to the riparian dwellers. The extension of the distribution system was finally commissioned within the study period (February 2004) , providing the opportunity to measure data before and after the intervention. Note that none of the households in the area had water taps inside their houses. The inhabitants still had to source water from the taps in an assortment of containers, carry these over varying distances and store these at their homes to provide a handy domestic water supply.
Selection of households
Out of the approximately 800 households in Folovhodwe, 100 households were selected in two groups: those that were using river water before the intervention (61 households comprising the "River" group) and 39 households that had groundwater distributed to them on tap all along (the "Reference" group).
Microbiological quality of the water
Escherichia coli are indicator bacteria generally used as a measure of faecal pollution of water and should not be present in any water used for drinking (WHO, 2004a) . The criteria for measuring E. coli were therefore none (0) present in 100 mL (SABS, 2001 ) of water to be used for drinking. For the purposes of this study, the level of compliance for water source and water stored directly from the river was set at the 90th percentile. This is lower than the requirement of the SABS standard, which requires compliance at a more stringent 95th percentile. The compliance level of the sourced and stored tap Downloaded from https://iwaponline.com/wst/article-pdf/54/3/9/431702/9.pdf by guest water was kept at the 95th percentile as this would be the standard expected from an improved water supply. The reason for doing this was to relax the compliance level to be more compatible with the use of water directly from the environment, yet still provide a parameter suitably stringent to interpret the water quality results within a context of suitability.
The QuantiTray w -Colilert 18 method (IDEXX Laboratories, Westbrook, ME, USA) was used to enumerate E. coli. The method, a commercial defined-substrate medium, has recently become in widespread use in many countries around the world (Palintest, 2001) . Conclusive results are available within 18 h without any need for confirmatory tests (IDEXX, 2000) .
Access: measuring improvement
Improved access for this study was benchmarked by improved (shorter) distances between sourcing point (ultimately the tap) and the household's dwelling, bringing water within 200 m of the dwelling (RSA, 1994) .
The households of the River group generally tended to use communally a limited number of points along the Nwanedi river that were accessible from the river's edge. Each of these points was marked by means of a waypoint using a global positioning system (GPS) navigation instrument (Magellan Spor-trac Mape). Each household was similarly marked. Of the River group, 50 sample households were randomly selected. Using the GPS coordinates of each point, the straight-line distances between each of the selected households and its river sourcing point were measured in metres. Of the 50 households so measured, 15 were randomly selected and the actual distances from these to their respective sources walked with the family, using the trip-meter on the GPS. This gave a series of distances, on average 19.75% further than their respective straight-line distances. A factor of 20% was then added to each of the straight-line distances of the 50 selected households. The process was repeated with the same households after the taps were commissioned. Here, the up-marking of dwelling-to-tap distance was by 16%. For the Reference group, 15 of the 39 households were randomly selected and the actual distance measured as above. The up-marking of dwelling-to-tap distance was by 17%.
Availability: measuring improvement
Measuring daily-collected water volumes in households that use containers provided several challenges. The measurement had to account for variables such as different container volumes, frequency of filling (from several times a day to a few times a week), infrequent filling distribution per container and filling margins per container. Using a specially designed calculator in Microsoft Excel spreadsheets, interviewers obtained the data from the households by observing as well as questioning.
Comparing parameters
To measure ultimate improvement, the status of the safe water parameters of all the areas was measured to obtain data for the situation of the River group as well for the Reference group. The data of the River group were statistically compared for significant differences using non-parametrical tests such as the Mann-Whitney test for comparison of two unequal data sets (river vs. container water quality) and comparing data of the River and Reference groups, and the Wilcoxon Signed Rank test for comparing paired before and after container data for the River group.
The water quality results are summarised in Figure 2 . The water sourced from the Nwanedi river was significantly poorer in microbiological quality than the tap water ( p # 0.001) and exceeded compliance levels by a wide margin. There were no significant differences between the quality of tap water from the Reference group (sampled throughout the study), and that which the River group was eventually supplied with since the intervention ( p ¼ 0.843). The data had a limited number of outliers which pushed the compliance level at the 95th percentile above the not-detected (ND) limit (the black dot symbol to the far-right of each box) but it remained statistically at , 1 MPN per 100 mL. At the 90th percentile (the far-right whisker of each box), the water was suitable for drinking according to the SABS (2001).
The water sourced from the river improved significantly in the storage containers ( p ¼ 0.0234) but still did not comply at the 90th percentile. This improvement can largely be ascribed to the die-off of the indicator bacteria in the container-environment water, which would not be expected to propagate or sustain growth of E. coli introduced to the water.
The tap water stored in mostly the same containers subsequent to the intervention was significantly poorer in quality than the water at the tap from which it was sourced. It also did not comply at the 95th percentile. This is consistent with reports from some South African, as well as other studies, that had shown that practices surrounding the sourcing and storing of water in containers lead to excessive bacterial contamination of good source water when this is stored in containers at home (Jagals et al., 1997; Jensen et al., 2002; Joubert et al., 2003) . The container water of the River group did not differ from the water in the containers of the Reference group. This supports the findings by the cited authors that good water at the tap is spoilt within the container-storage method on its way to the point of use.
Although the results show that E. coli number levels were reduced significantly, and to within compliance levels at the source after the tap-water supply intervention, households were still consuming water with E. coli numbers at non-compliant levels from storage containers. This indicated a sustained risk of infection associated with gastrointestinal disease (DWAF, 1996) . RSA, 1994) . Figure 3 shows that, while this was achieved on average for the River group after the intervention, approximately 15% of the people of the group still had to carry water for more than 200 m (right-side line of the box is the 75th percentile). For the Reference group the percentage exceeding the parameter has been approximately 35% throughout.
While water often becomes contaminated because of water-handling practices during storage in the dwelling (WHO, 2004b) , container water is also contaminated while transporting it from source to place of storage (Jagals et al., 1997 (Jagals et al., , 1999 Jensen et al., 2002) . While the overall objective of the access policy makers is to ensure that life becomes more bearable for those who do not have in-house tap water, it is also reasonable to expect that improved access would contribute to stored-water quality since the shorter the distances to carry water, the less chance there would be for en route contamination.
Availability
Improving the quantity of water available per person per day is largely a function of access (WHO, 2005) , with the overall objective of more water available for hygiene in the domestic environment i.e. for hand washing, overall personal hygiene, etc. (Lenton et al., 2005) . If stored water is more rapidly replenished, as it theoretically should be if the source is close by, it implies less handling between the sourcing point and the point of use, since containers can be largely omitted or be refilled more often with good quality water (Jagals et al., 1999) .
It is not the intention to discuss, in this paper, the implications of expected social benefits of the potential of improved quantities of water stored at home. This section is intended to demonstrate whether improved access to a good supply of tap water resulted in significant increases in household volumes, thereby closing the loop of successful safe water supply. Figure 4 shows that collected water quantities on average remained around 18 lwppd for both groups even after the intervention.
There were no statistically significant differences between the water volumes collected by both groups at all times, despite the intervention. The percentages nevertheless show an unexpected tendency. Of the River group, approximately 75% of the households were collecting less than 25 lwppd over the longer distances from the river (before the intervention), while afterwards this increased to approximately 80%. People were collecting even less water now that it was more accessible. This could be an artifact of misreporting by respondents because of the novelty of the situation, since the data of the Reference group indicated that approximately 65% of the households collected less throughout. Figure 3 Distances from source to point of storage P. Jagals
